The relationship between pelvic drop during walking and radiographic medial knee osteoarthritis: the most study  by Gross, K. et al.
Abstracts / Osteoarthritis and Cartilage 20 (2012) S54–S296 S95Kellgren Lawrence (KL) Grading Scale. The controls were exempted from
radiography in order to avoid radiation exposure. Five ml whole venous
blood sample of the cases and controls were drawn. The serum level of
COMP was estimated from the blood sample with the help of ELISA. The
value of COMP thus obtained was compared with WOMAC score and KL
grading scale. The cases were then divided into mild, moderate and severe
grade. The cases were prescribed medications according to standard
management guidelines of OARSI, depending upon severity and follow up
was done after every four weeks to assess the efﬁcacy of treatment and
disease progression. No further follow up was done for control group.
Results: Out of 25 male controls screened, the mean serum COMP level is
found to be 490 ng/dl (minimum¼ 363 ng/dl &maximum¼ 596 ng/dl). Out
of 25 female controls screened, the mean serum COMP level is found to be
464 ng/dl (minimum ¼ 313 ng/dl & maximum ¼ 614 ng/dl). Overall the
mean COMP level among 50 controls found to be 477 ng/dl (minimum¼ 313
ng/dl & maximum ¼ 614 ng/dl). Out of 50 male cases screened, the mean
serum COMP level is found to be 961 ng/dl (minimum ¼ 711 ng/dl &
maximum ¼ 1408 ng/dl). Out of 50 female controls screened, the mean
serum COMP level is found to be 968 ng/dl (minimum ¼ 691 ng/dl &
maximum ¼ 1434 ng/dl). Overall the mean COMP level among 100 controls
found to be 964 ng/dl (minimum¼ 691 ng/dl & maximum¼ 1434 ng/dl). In
the study, the cases were divided into three groups, namely mild, moderate
and severe, depending upon the clinical scoring and radiological grading.
The result thus obtained shows 32% mild, 61% moderate and 7% severe
cases. The serum COMP levels corresponds to the severity of disease, as
higher the severity, more the value of serum COMP. Conclusion: The result
indicates direct relation of serum COMP levels to the osteoarthritis process
in human knee. Most of the patients having knee osteoarthritis have higher
serum COMP levels. A directly proportional relation between the severity of
disease and serum COMP levels have been observed. Thus estimation of
serum COMP levels can be used as a reliable diagnostic indicator to assess
severity assessment of knee osteoarthritis. Because of its strong association
with knee osteoarthritis, further work in this area should be carried out, and
serum COMP level should be used as an indicator to assess efﬁcacy of
ongoing treatment and to state prognosis of disease.ĂBiomechanics & Gait
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THE RELATIONSHIP BETWEEN PELVIC DROP DURING WALKING AND
RADIOGRAPHIC MEDIAL KNEE OSTEOARTHRITIS: THE MOST STUDY
K. Gross 1, J. Niu 2, A. Chacko 1, Y. Zhang 2, D.J. Mattson 1, M.C. Nevitt 3,
H.J. Hillstrom4, N.A. Segal 5, C.E. Lewis 6, D.T. Felson 2. 1MGH Inst. of
Hlth.Professions, Boston, MA, USA; 2Boston Univ., Boston, MA, USA;
3Univesity of California, San Francisco, San Francisco, CA, USA; 4Hosp. for
Special Surgery, New York, NY, USA; 5Univ. of Iowa, Iowa City, IA, USA;
6Univ. of Alabama, Birmingham, AL, USA
Purpose: Pelvic drop during walking (a.k.a. “Trendelenberg gait”)
describes an inferior movement of the contralateral hemipelvis during
stance. It can result from hip muscle weakness. Pelvic drop has
potential to displace the body's center of mass and increase load on the
medial tibiofemoral (TF) compartment. Despite this potential, the
relationship of pelvic drop to medial TF radiographic OA (ROA) has not
been studied. Challenges to such a study include between-person
differences that can confound the association of pelvic drop with
medial TF ROA, and differences in trunk lean that can modify this
association. The purpose of this study was to assess the cross-sectional
relationship of pelvic drop with medial TF ROA in older adults using
a within-person knee-matched design that eliminates confounding by
between-person differences. A secondary purpose was to evaluate the
extent to which trunk lean modiﬁes the relationship of pelvic drop with
medial TF ROA.
Methods: Eligible subjects had unilateral medial TF ROA and available
data from the 60-month Multicenter Osteoarthritis Study (MOST) exam.
MOST includes subjects from Alabama and Iowa that have or are at risk
of knee OA. Individuals in this study were selected as having knees
discordant for medial TF ROA. Case knees had medial TF ROA (KL > 2
with medial > lateral narrowing) on PA ﬁxed ﬂexion x-ray, as read by
two radiologists (inter-rater weighted kappa ¼ 0.81 for narrowing).
Control knees were the contralateral knee without TF ROA from the
same subject. Using synchronized frontal and sagittal 60 Hz video
recordings of two self-paced walking trials, one physical therapist
(intra-rater ICC¼ 0.67) measured pelvic drop at midstance as the angle
between a horizontal line and a line connecting passive markers on the
anterior superior iliac spines of the pelvis. The same therapist (intra-
rater ICC¼ 0.77) measured frontal plane trunk lean between a hori-
zontal line and a line connecting the acromion processes. Trunk lean
was characterized with respect to the stance limb as ipsilateral, neutral,
or contralateral based on the distribution of trunk lean among control
knees. Categories of increasing pelvic drop were formed using the sex-
speciﬁc quartile distribution of pelvic drop among case knees. Using the
lowest quartile as a reference group, conditional logistic regression
estimated the relative odds of TF ROA in each category of increasing
pelvic drop. Analyses were repeated within strata of ipsilateral, neutral,
and contralateral trunk lean.
Results: 106 subjects had knees discordant for TF ROA. Mean +/- sd
age, BMI, and walking speed was 68.6 +/- 8.7 yrs, 30.4 +/- 5.3 kg/m2,
and 1.12 +/- 0.17 m/sec, respectively. 61.3% of subjects were female,
85.2% were white, and 48.1% were examined in Alabama. Mean +/- sd
pelvic drop was signiﬁcantly greater among case knees than among
control knees (3.4 +/- 2.6 degrees vs. 1.7 +/- 3.6 degrees, p¼ 0.0002),
and greater generally among women. The relative odds of TF ROA
increased across categories of increasing pelvic drop (p for trend ¼
0.008) (see Table). Among knees exposed to the most pelvic drop, the
odds of TF ROA was 2.9 (95% CI: 1.3, 6.2) times greater than among
knees exposed to the least pelvic drop. Stratiﬁcation by ipsilateral,
neutral, and contralateral trunk lean did not modify these results (p¼
0.968).
Conclusions: Increasing pelvic drop during walking is associated with
increasing odds of medial TF ROA among older adults. These ﬁndings from
a within-person knee-matched study are unlikely to be confounded by
between-person differences, and the association was not modiﬁed by
trunk lean. The ﬁndings may have implications for the treatment of medial
TF OA using interventions to improve hip muscle strength and reduce
pelvic drop during gait.
Pelvic Drop Category
(sex-speciﬁc
case-based quartile)
Cases
N ¼ 106 n (%)
Controls
N ¼ 106 n (%)
OR (95% CI)
Lowest 26 (24.5) 46 (43.4) 1.0 (Reference)
2nd 26 (24.5) 26 (24.5) 1.5 (0.7, 3.2)
3rd 28 (26.4) 22 (20.8) 1.9 (0.9, 3.8)
Highest 26 (24.5) 12 (11.3) 2.9 (1.3, 6.2)
p for trend 0.008
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MUSCLE CO-ACTIVATION, KNEE JOINT KINEMATICS, AND GROUND
REACTION FORCES ARE ALTERED IN THE OPERATED LEG OF
MENISCECTOMIZED PATIENTS AT HIGH RISK OF KNEE OSTEOARTHRITIS
J.B. Thorlund, J. Damgaard, E.M. Roos, P. Aagaard. Inst. of Sports Sci. and
Clinical Biomechanics, Univ. of Southern Denmark, Odense M, Denmark
Purpose: Every other meniscectomized patient develop knee osteoar-
thritis (OA) 10-15 years after surgery. Thus, meniscectomized patients
constitute a useful model to study changes in neuromuscular activity and
knee joint biomechanics, which are factors suggested to play a role in OA
development.
Recently, we were unable to detect differences in neuromuscular activity
and knee joint kinetics/kinematics betweenmeniscectomized patients and
controls during stair descent. Furthermore, only modest leg-to-leg differ-
ences were observed between the operated and contra-lateral leg of the
patients. More demanding motor tasks may be needed to detect early
changes in knee joint kinetics/kinematics and neuromuscular activity in
meniscectomized patients at high risk of knee OA.
The aim of this study was therefore to investigate knee joint kinematics,
ground reaction force (GRF) kinetics and level of muscle co-activation
during a standardized forward lunge maneuver in meniscectomized
patients at high risk of knee osteoarthritis. We hypothesized that patients
would display increased levels of muscle co-activation along with reduced
knee joint range of motion (ROM) and altered GRF kinetics in the operated
compared to the contra-lateral leg.
Methods: Patients: Twenty-two patients meniscectomized uni-laterally
for a medial meniscal tear in the posterior half of the meniscus (15 men
and 7 women, 45.45.1 years, 174.37.1 cm, 77.315.4 kg, BMI 25.4kg/
m2, values are meanSD) were investigated during a standardized
forward lunge with synchronous electromyography (EMG), goniometer
and force plate recording.
In the analyseswe focusedon threedifferent phasesof the forward lunge; the
loading phase (foot-strike to 80% peak GRF), the unloading phase (80% peak
GRF to toe-off) and mean of the entire stance phase (foot strike to toe-off).
Knee joint range of motion (ROM): Knee joint ROM during the loading
phase (ROMload), unloading phase (ROMunload) and from foot strike to
peak knee ﬂexion (ROMpeakﬂex) were measured using a ﬂexible electro-
goniometer.
Ground reaction forces (GRF): The vertical GRF signal during the forward
lunge was used to calculate the rate of loading (Loadslope), rate of
unloading (Unloadslope) and average magnitude of GRF during the entire
stance phase (GRFmean).
Co-activation: Thigh muscle co-activation in the above phases of the
forward lunge was quantiﬁed using normalized EMG signals obtained in
the vastus lateralis (VL), vastus medialis (VM), biceps femoris (BF) and
semitendinosus (ST) muscles.
Statistics: Paired t-test with 0.05 level of signiﬁcance was used to assess
differences between the operated and contra-lateral leg of the patients.
Results: All results are reported as meanSE. Consistent differences were
observed between the operated leg and contra-lateral leg during the
impact phase (loading phase) of the forward lunge. These differences were
manifested as increased levels of muscle co-activation (38.04.0 vs.
30.13.1 %MVC, p¼0.02), reduced ROM (23.42.9 vs. 29.72.7 degrees,
p¼0.01) and a higher loading rate (Loadslope) (985160 vs. 69682 %BW
s-1, p¼0.01). Furthermore, ROMpeakﬂex was reduced in the operated
compared with the contra-lateral leg (59.42.3 vs. 64.92.0 degrees,
p¼0.01). No differences were observed in ROMunload, Unloadslope ormuscle co-activation during the unloading phase. In addition, no differ-
ences were observed in GRFmean and averagemuscle co-activation during
the entire stance phase.
Conclusions: The ﬁndings of increasedmuscle co-activation, reduced ROM
and increased rate of loading during the loading phase between the
operated and contra-lateral leg support the hypothesis that meniscec-
tomized patients demonstrate early modulations in knee joint kinetics,
kinematics and neuromuscular activity in the operated leg. Future studies
should include more demanding motor tasks than stair walking. Repre-
senting such a task, the forward lunge test appears to provide a sensitive
approach to identify leg-to-leg differences in relevant neuromuscular and
biomechanical variables in middle-aged patients at risk of OA.
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ARE PRESSURE TIME INTEGRAL AND CUMULATIVE PLANTAR STRESS
RELATED TO 1ST METATARSOPHALANGEAL JOINT PAIN: THE
MULTICENTER OSTEOARTHRITIS STUDY
S. Rao 1, K. Gross 2, J. Niu 2, M. Nevitt 3, B. Lewis 4, J. Torner 5, J. Hietpas 6,
D. Felson 2, H. Hillstrom7. 1New York Univ., New York, NY; 2Boston Univ.,
Boston, MA, USA; 3Univ. of California, San Francisco, CA, USA; 4Univ. of
Alabama at Birmingham, Birmingham, AL, USA; 5 The Univ. of Iowa, Iowa
City, IA, USA; 6Univ. of California San Francisco, San Francisco, CA, USA;
7Hosp. for Special Surgery, New York, NY, USA
Purpose:Pain at the 1st metatarsophalangeal (MTP) joint is one of the key
symptoms of 1st MTP osteoarthritis (OA). First MTP OA is the most common
form of degenerative joint disease in the foot, and affects 35-60% of adults
over 65 years. The incidence and progression of OA has been linked to
mechanical stress. However, few studies have assessed plantar stress in
individuals with foot pain. The purpose of this study was to examine the
relationshipbetweenplantar stressoverastep, cumulativeplantar stressover
a day and 1st metatarsophalangeal (MTP) joint pain among older adults.
Methods:Plantar stress and 1st MTP pain were assessed within the Multi-
center Osteoarthritis (MOST) study. The MOST study comprises a commu-
nity-based sample of men and women who either have, or are at risk for,
knee OA. Individuals with unilateral or bilateral total knee replacement,
a prosthetic foot or those requiring an assistive device (eg. cane or walker)
were excluded. All includedparticipantswere asked if theyhadpain, aching
or stiffness at the 1st MTP joint on most days for the past 30 days on a pain
diagram. Plantar loading was quantiﬁed as participants walked on a pedo-
barograph (Novel Electronics, St Paul,MN). Five trials per footwere acquired
during self-selected walking speed. Regions of interest (hallux, 2nd meta-
tarsal)were deﬁned (Novel Database, St Paul,MN). Plantar stress over a step
was calculated using pressure time integral (PTI), deﬁned as the area under
the pressure-time curve throughout stance phase, and expressed in N.s/
cm2. Additionally, mean steps per day were obtained (Stepwatch, Okla-
homa City, OK). Cumulative plantar stress was calculated as the product of
regional PTI and mean steps per day. Quintiles of hallucal and 2nd meta-
tarsal PTI and cumulative plantar stress were generated. The relationship
betweenpredictors (PTI, cumulative plantar stress) and the odds ratio of 1st
MTP pain were assessed using a logistic regression model that adjusted for
age, sex, BMI, kneeOAstatus (noOAvs.OA), andwalking speed.Weadjusted
for the correlation between two feet using GEE.
Results:1693 subjects (58% female, mean (SD) age: 61 (7) years, mean (SD)
BMI: 30.3 (5.8) kg/m2, met the inclusion criteria. First MTP pain was
reported by 14.7%. Percentage of subjects reporting pain in each quintile
are depicted in Fig 1.
Feet in the quintile with the lowest hallux PTI had 2.14 times increased odds
of 1st MTP pain (95% conﬁdence interval [95% CI]:3.25-1.42, p<0.01). Feet in
thequintilewith the lowest 2ndmetatarsal PTI had1.50 times increasedodds
of 1st MTP pain (95% CI:1.01-2.23, p¼0.042). No signiﬁcant relationships
were found between cumulative plantar stress and odds of 1st MTP pain.
Conclusions:The chief ﬁndings of our study indicate that lower PTI was
modestly associated with increased prevalence of frequent 1st MTP pain at
both the hallux and 2nd metatarsal. These ﬁndings may suggest that indi-
viduals experiencing footpain adopt an antalgic strategy to avoid exacerbating
their foot pain. The reduction inplantar loadingmay reﬂect an attempt at pain
avoidance. Future longitudinal studies are indicated to examine the long-term
consequences of altered plantar load distribution on pain and disability.
